1. Background {#s0005}
=============

Peripheral artery disease (PAD), defined as atherosclerosis of the abdominal aorta and arteries of the lower extremities ([@bb0095]), is a common disorder that affects 20--30% of adults ≥ 50 years of age, and up to 12 million Americans overall ([@bb0055], [@bb0075], [@bb0100]). PAD affects individuals of all races and levels of socioeconomic status ([@bb0105]). Epidemiologic evidence suggests an association between optimal health behaviors and a low incidence of CVD events ([@bb0145]). However, limited information exists on the relationship between such behaviors and prevalence of PAD among African Americans.

An American Heart Association (AHA) Strategic Planning Task Force set a goal to improve the cardiovascular health of all Americans by 20% and to concurrently reduce deaths from CVD by 20%. The task force developed definitions of ideal, intermediate, and poor cardiovascular health for adults and children based on seven CVD risk factors or health behaviors. African Americans have a high prevalence of cardiovascular risk factors and poor health behaviors as well as peripheral artery disease (PAD) ([@bb0105], [@bb0025]). To date, no studies have assessed the association of overall cardiovascular health with PAD among African Americans. We sought to determine the association of the seven CVD risk factors or health behaviors (Life\'s Simple 7) with PAD among community dwelling African American men and women in Jackson, Mississippi.

2. Methods {#s0010}
==========

2.1. Data source/population {#s0015}
---------------------------

Data were obtained from the Jackson Heart Study (JHS), a cohort study of risk factors of cardiovascular diseases among 5301 African American men and women residents of Jackson, MS, aged 35--84, who enrolled in the study from 2000 to 2004. In-person interviews conducted among study participants at baseline provided information on socio-demographic and clinical characteristics. Details of the study design and data collection are documented in prior publications ([@bb0020], [@bb0150]). The JHS had IRB approval by Jackson State University, Tougaloo College, and the University of Mississippi Medical Center. Study participants signed informed consents.

2.2. Inclusions {#s0020}
---------------

We included all participants who completed baseline measurements for the ankle-brachial index (ABI), a sensitive and reliable noninvasive test to diagnose PAD ([@bb0140]).

2.3. Outcome variable {#s0025}
---------------------

The outcome variable was PAD, which was defined as an ABI \< 0.9. The ABI was calculated by the JHS protocol ([@bb0140]). Specifically, to determine the ABI, ankle and brachial systolic BP were measured by trained technicians using a sphygmomanometer along with an Ultrasonic Doppler Flow Detector (Model 811-B, Parks Medical Electronic-Inc., Aloha, Oregon USA). Technicians followed a standard protocol, using a contour wrapping technique with the midpoint of the bladder over the posterior tibial artery; the lower end of the bladder was approximately 3 cm above the medial malleolus. Systolic BP measurements were taken in each leg with ultrasound measurement of the posterior tibial artery while the participant was supine; the dorsalis pedis artery was used for measurement if the posterior tibial pulse could not be found by palpation or by Doppler. Measurements of the brachial systolic BP, usually in the right brachial, were taken twice. An ABI was calculated for each leg based on the average of the two ankle systolic BP measurements divided by the average of the two brachial readings.

2.4. Life\'s Simple 7 variables {#s0030}
-------------------------------

Life\'s Simple 7 (LSS) variables were derived from variables within the JHS dataset. The definition of poor, intermediate, and ideal health for each LSS variable was based on the AHA guidelines ([@bb0035]). [Table 1](#t0005){ref-type="table"} provides a description of the categories for each LSS variable.Table 1Categories for each Life\'s Simple 7 variable.Table 1VariablesIdealIntermediatePoorAHA BMI\< 25 kg/m^2^25 to 29.9 kg/m^2^≥ 30 kg/m^2^AHA blood pressure\< 120/80 mm Hg without medicationSystolic 120 to 139 or diastolic 80 to 89 mm Hg with or without medication or medication use and \< 120/80 mm HgSystolic ≥ 140 or diastolic ≥ 90AHA total cholesterol\< 200 mg/dL without medication200 to 239 mg/dL with or without medication or medication use and \< 200 mg/dL\> 240 mg/dLAHA glucose\< 100 mg/dL without medication100 to 125 mg/dL with or without medication or use of hypoglycemic medication and \< 100 mg/dL≥ 126 mg/dLAHA Healthy Diet Score[a](#tf0005){ref-type="table-fn"}4--5 points2--3 points≤ 1AHA physical activity≥ 150 min/week of moderate activity or ≥ 75 min/week of vigorous activity or ≥ 150 min/week of moderate + vigorous activity1--149 min/week of moderate activity or 1--74 min/week of vigorous activity or 1--149 min/week of moderate + vigorous activity0 min/week of physical activityAHA smokingNever smoker or former smoker who had quit ≥ 12 months agoFormer smoker who had quit within the past yearCurrent smokers[^1]

2.5. Smoking {#s0035}
------------

Participants were asked about smoking status. Based on their responses, participants were classified as a current, former, or never smoker. Former smokers were divided into those who quit smoking \< 12 months or ≥ 12 months prior to the interview.

2.6. Body mass index (BMI) {#s0040}
--------------------------

Based on height, as captured to the nearest centimeter, and weight, obtained from a scale, BMI was calculated by dividing weight (kg) by height squared (m^2^).

2.7. Physical activity {#s0045}
----------------------

Participants were queried about their physical activity. The interviewer-administered physical activity survey was adapted from the Baeke physical activity and Atherosclerosis Risk in Communities (ARIC) surveys ([@bb0005], [@bb0045]). Physical activity was categorized into four groups: sports and exercise; active living; occupational activity; and home, family, yard and garden activity. Similar to the approach of [@bb0035], only activity compiled by the sport and exercise component of the instrument was used in the current analysis. Sport and exercise was reported per a given activity as the average amount of time per week spent at that activity. Metabolic equivalent (MET) levels for each named activity were obtained from the national Compendium of Physical Activity ([@bb2000]). Activities identified as either vigorous (N6 METs) or moderate (3--6 METS) ([@bb1000]) contributed to the participant\'s physical activity score. For each participant, the average time per week spent engaged in all activities at either a vigorous or moderate level was calculated. Based on this calculation, each participant was labeled by one of three AHA recommended levels of physical activity.

2.8. Dietary assessment {#s0050}
-----------------------

Dietary habits were assessed using a 158-food item, semi-quantitative food frequency questionnaire (FFQ) tailored to the study population ([@bb0135]). The FFQ has been validated in a subset of the JHS cohort ([@bb0015], [@bb0130]). FFQ information was available at baseline for 5065 (95.5%) of the 5301 JHS participants. We excluded 304 participants with extreme energy intakes (defined as ≤ 600 kcal/d or ≥ 4800 kcal/d). Thus, based on AHA guidelines, derived dietary data for LSS were available for 4761 participants. Individuals were given one point for each of five dietary goals. These data were obtained from the FFQ using the Nutrition Data System for Research, NDS-R, version 4.04, 2001 (Nutrition Coordinating Center, University of Minnesota, Minneapolis, MN).

Assessment for total cholesterol, blood pressure, and fasting glucose were ascertained per the JHS protocol ([@bb0020], [@bb0070]). Medications were defined as antihypertensive, hypoglycemic, or statin, based on the Therapeutic Classification System ([@bb0035]).

Additional variables considered as possible predictors for PAD included age, gender, alcohol use and educational attainment (\< high school, some college, college graduate or more high school).

2.9. Descriptive analysis {#s0055}
-------------------------

Participants\' characteristics were summarized as means and standard deviations for continuous variables and counts and percentages (%) for categorical variables. The statistical significance of differences in mean values of continuous variables between persons with PAD versus without PAD was assessed using Student\'s *t*-test. The significance of analogous differences in categorical percentages was assessed using either the χ^2^ test or Fisher\'s exact test when appropriate. Each specific statistical (null) hypothesis was tested against two-sided alternatives. A finding that resulted in a p-value ≤ 0.05 was considered statistically significant. All analyses were conducted using SAS 9.4 (SAS Institute, Cary NC).

2.10. Missing values {#s0060}
--------------------

Missing values on education, income, health insurance, alcohol use and LSS variables were imputed using multiple imputations (MI). The MIANALYZE procedure was used to combine the results based on the 10 datasets produced by the MI procedure ([@bb0115]).

2.11. Logistic regression models {#s0065}
--------------------------------

In order to have an indication of poor health, we summed the number of poor health indicators out of the seven items of the LSS. Logistic regression with splines was used to model the logarithm of the odds of PAD as a function of the number of LSS variables with poor health scores. The purpose of this process was to search for an optimum model to determine the number and location of cut points for assessing changes in odds of PAD associated with different categories of the summed number of poor LSS variables. Numerous spline models were investigated using the Akaike Information Criterion ([@bb0125]) to search for the best model, but none demonstrated significant improvement over the simple binary categorization for predicting elevated odds for PAD. Thus, using sensitivity and specificity ([@bb0085]), we compared different binary cut points for the number of poor health indicators to find the best predictive variable for PAD vs no PAD. The minimum Euclidean distance criterion was used. Parameters of logistic regression models were estimated to assess the association of the sum of poor health indicators (dichotomized as \< 3; ≥ 3) with the prevalence of PAD. Four model types were considered, each having prevalence of PAD as the dependent variable. Model A employed a single predictor -- number of poor health indicators expressed as a binary variable (\< 3; ≥ 3); Model B added age to Model A; Model C added gender to Model B; and Model D added education and alcohol consumption. Results are presented as odds ratios (OR) with 95% confidence intervals.

3. Results {#s0070}
==========

Data on ABI testing were available for 4403 JHS participants age 35--84 (mean age 56.3 (SD 11.3) years, male 36.7%). The prevalence of PAD in this cohort was 2.6% (N = 113). The age-adjusted prevalence of PAD was 2.1%. By age, the prevalence of PAD was as follows: 35--50, 0.5%; 50--59, 1.6%; 60--69, 3.3%; and 70--84, 8.3%. PAD was more prevalent among adults age 70 or older, and individuals who did not graduate from high school ([Table 2](#t0010){ref-type="table"}). There was no statistically significant difference of prevalence of PAD between genders. Poor health for blood pressure was almost twice as prevalent for participants with PAD than participants without PAD (38.9% vs 20.4%, respectively). For total cholesterol, 23.9% of participants with PAD compared to 13.7% without PAD were defined as having poor health. Poor health for serum glucose was present among 18.6% of participants with PAD compared to 10.9% of participants without PAD.Table 2Baseline characteristics among Jackson Heart Study Participants without and with peripheral artery disease (PAD).Table 2No PAD (n = 4290)PAD (n = 113)Total (n = 4403)p-Value[a](#tf0010){ref-type="table-fn"}Age, mean (SD), years56.0 (11.2)66.6 (10.0)56.3 (11.3)\< 0.001Age groups, no. (%), years\< 0.001 35--491440 (33.6)7 (6.2)1447 (32.9) 50--591172 (27.3)19 (16.8)1191 (27.1) 60--691151 (26.8)39 (34.5)1190 (27.0) 70--84527 (12.3)48 (42.5)575 (13.1)Gender, no. (%)0.27 Female2723 (63.5)66 (58.4)2789 (63.3) Male1567 (36.5)47 (41.6)1614 (36.7)Education, no. (%)\< 0.001 Less than high school (HS)795 (18.5)51 (45.1)846 (19.2) HS or some college792 (18.5)23 (20.4)815 (18.5) College or associate degree or higher2686 (62.6)38 (33.6)2724 (61.9) Not available17 (0.4)1 (0.9)18 (0.4)Alcohol use in the last year, no. (%)0.03 No2327 (54.2)71 (62.8)2398 (54.5) Yes1951 (45.5)39 (34.5)1990 (45.2) Not available12 (0.3)3 (2.7)15 (0.3)AHA BMI categorization, no. (%)\< 0.001 Poor2278 (53.1)40 (35.4)2318 (52.6) Intermediate1417 (33.0)41 (36.3)1458 (33.1) Ideal593 (13.8)32 (28.3)625 (14.2) Not available2 (0.1)0 (0)2 (0.1)AHA blood pressure categorization, no. (%)\< 0.001 Poor875 (20.4)44 (38.9)919 (20.9) Intermediate2559 (59.7)65 (57.5)2624 (59.6) Ideal751 (17.5)3 (2.7)754 (17.1) Not available105 (2.4)1 (0.9)106 (2.4)AHA total cholesterol categorization, no. (%)\< 0.001 Poor587 (13.7)27 (23.9)614 (13.9) Intermediate1543 (36.0)41 (36.3)1584 (36.0) Ideal1652 (38.5)21 (18.6)1673 (38.0) Not available508 (11.8)24 (21.2)532 (12.1)AHA serum glucose categorization, no. (%)0.01 Poor467 (10.9)21 (18.6)488 (11.1) Intermediate648 (15.1)22 (19.5)670 (15.2) Ideal3138 (73.1)70 (62.0)3208 (72.9) Not available37 (0.9)0 (0)37 (0.8)AHA Healthy Diet Score, no. (%)0.65[b](#tf0015){ref-type="table-fn"} Poor2545 (59.3)63 (55.8)2608 (59.2) Intermediate1702 (39.7)49 (43.4)1751 (39.8) Ideal43 (1.0)1 (0.9)44 (1.0)AHA physical activity categorization, no. (%)\< 0.001 Poor2090 (48.7)76 (67.3)2166 (49.2) Intermediate1361 (31.7)26 (23.0)1387 (31.5) Ideal835 (19.5)11 (9.7)846 (19.2) Not available4 (0.1)0 (0)4 (0.1)AHA smoking categorization, no. (%)\< 0.001[b](#tf0015){ref-type="table-fn"} Poor527 (12.3)33 (29.2)560 (12.7) Intermediate44 (1.0)4 (3.5)48 (1.1) Ideal3652 (85.1)73 (64.6)3725 (84.6) Not available67 (1.6)3 (2.7)70 (1.6)[^2][^3]

We determined the distribution of poor health indicators (poor health for one or more indicators) to assess the frequency by disease status ([Table 3](#t0015){ref-type="table"}). Of the total cohort, 59.8% had 2 or fewer poor health indicators on average imputed data. Among participants with PAD, 43.6% had 2 or fewer poor health indicators compared to 60.3% of participants without PAD. Among women with PAD, 42.3% had 2 or fewer poor health indicators. Among men with PAD, 45.5% had 2 or fewer poor health indicators.Table 3Distribution of poor health indicators based on LSS.Table 3Raw data, no. (%)Average imputed data, (%)Sum of poor health indicatorsTotal sample size (n = 4403)No PAD (n = 4290)PAD (n = 113)Total sample size (n = 4403)No PAD (n = 4290)PAD (n = 113)0257 (6.8)253 (6.9)4 (4.6)6.66.75.01866 (23.0)856 (23.3)10 (11.4)22.222.511.221179 (31.4)1154 (31.4)25 (28.4)31.031.127.43946 (25.2)923 (25.1)23 (26.1)25.525.524.54423 (11.3)400 (10.9)23 (26.1)11.811.525.9580 (2.1)77 (2.1)3 (3.4)2.52.44.667 (0.2)7 (0.2)0 (0)0.30.30.971 (0.0)1 (0.0)0 (0)0.10.00.4Missing at least one indicator64461925

Based on the minimum Euclidean distance, 3 poor health indicators or more vs \< 3 is the best cut point to maximize both sensitivity and specificity with PAD using imputed data (sensitivity of 56.4% and specificity of 60.2%).

Poor health indicators that were associated with an increased odds for PAD were blood pressure, cholesterol, and physical activity ([Table 4](#t0020){ref-type="table"}). Specifically, the adjusted ORs were as follows: blood pressure OR 1.85 (95% CI 1.18, 2.90), cholesterol OR 1.50 (95% CI 1.09, 2.06) and physical activity OR 1.35 (95% CI 1.00, 1.82). Poor status of BMI was associated with reduced odds for PAD with an adjusted OR 0.66 (95% CI 0.50, 0.88).Table 4Odds ratio (95% confidence interval) from logistic regression models between each LSS and PAD adjusted for age.Table 4LSS variableDistinct modelsMultivariate modelBMIPoor0.65 (0.50,0.85)0.66 (0.50,0.88)Intermediate0.90 (0.69,1.17)0.97 (0.74,1.27)IdealReferenceReferenceBlood pressurePoor1.96 (1.25,3.06)1.85 (1.18,2.90)Intermediate1.30 (0.85,2.00)1.34 (0.87,2.07)IdealReferenceReferenceCholesterolPoor1.52 (1.11,2.08)1.50 (1.09,2.06)Intermediate0.92 (0.70,1.20)0.96 (0.73,1.27)IdealReferenceReferenceFasting glucosePoor1.27 (0.90,1.78)1.26 (0.88,1.79)Intermediate0.94 (0.67,1.31)1.01 (0.72,1.42)IdealReferenceReferenceDietaryPoor1.25 (0.63,2.51)1.03 (0.51,2.09)Intermediate1.13 (0.56,2.26)1.16 (0.57,2.36)IdealReferenceReferencePhysical activityPoor1.44 (1.08,1.92)1.35 (1.00,1.82)Intermediate0.99 (0.70,1.38)0.98 (0.69,1.38)IdealReferenceReferenceSmokingPoor1.49 (0.95,2.34)1.27 (0.80,2.03)Intermediate2.25 (1.06,4.74)2.51 (1.17,5.37)IdealReferenceReference

Based on the dichotomous variable of two or fewer poor health indicators versus three or more poor health indicators, a univariate analysis showed having three or more poor health indicators was associated with having PAD with an OR 1.40 (95% CI 1.16, 1.69) ([Table 5](#t0025){ref-type="table"}). After adjusting for age, the OR was 1.34 (95% CI 1.11, 1.63) for the association of three or more poor health indicators with having PAD. After adjusting for age, gender, education and alcohol use the association of three or more poor health indicators with PAD was OR 1.30 (95% CI 1.07, 1.58). No significant interaction effect was found between three or more poor health indicators and age or gender. As a sensitivity analysis, the models were also adjusted with complete data only. When controlling for age, three or more poor health indicator has an OR of 1.39 (95% CI 1.10, 1.78). [Fig. 1](#f0005){ref-type="fig"} provides a graph of the association of the number of poor health indicators with the age-adjusted prevalence of PAD.Fig. 1Age adjusted prevalence of PAD by number of poor health factors.Fig. 1Table 5Odds ratio (95% confidence interval) from logistic regression models between poor health indicator and PAD with and without covariates using multiple imputed data.Table 5Model AModel BModel CModel DPoor health indicator Number of poor health indicator \< 3ReferenceReferenceReferenceReference Number of poor health indicator ≥ 31.40 (1.16,1.69)1.34 (1.11,1.63)1.35 (1.11,1.64)1.30 (1.07,1.58)Age (continuous)1.10 (1.07,1.12)1.10 (1.07,1.12)1.09 (1.06,1.11)Gender Female0.85 (0.70,1.03)0.87 (0.71,1.06) MaleReferenceReferenceEducation Less than high school1.35 (1.02,1.78) HS/GED or some college1.03 (0.75,1.41) College/associate degree or higherReferenceAlcohol No alcohol during the past year0.94 (0.76,1.17) During the past yearReference

4. Discussion {#s0075}
=============

In a cohort of 4403 African Americans in the JHS, the prevalence of PAD increased per the frequency of poor health indicators. The presence of three or more poor health indicators was associated with a statistically significant increased odds for PAD. The poor health indicators associated with an increased odds for PAD were blood pressure, cholesterol, and physical activity.

The prevalence of PAD in the JHS likely result from the lower mean age of its participants relative to the mean age of those in other studies ([@bb0105], [@bb0025], [@bb0030]). For example, in the Systolic Hypertension in the Elderly Program ([@bb0105]) -- a randomized trial of 4736 persons age 60 or older with hypertension -- the prevalence of PAD was 23% for non-Hispanic white women, 25% for non-Hispanic white men, 38% for African American men, and 41% for African American women. Similarly, in work by Collins et al. and among 403 patients age 50 years or older receiving primary care in Houston, TX, 13.2% of non-Hispanic whites, 13.7% of Hispanics, and 22.8% of African Americans screened positive for PAD ([@bb0025]). Reasons for the lower prevalence of PAD in the JHS cohort likely result from the lower mean age of the cohort relative to the mean age of participants in other studies. The mean age for the JHS cohort was nearly one decade younger than the mean age of persons with PAD in prior work ([@bb0080]). Additionally, a community-based population like the JHS should be expected to have fewer atherosclerotic risk factors as compared to persons from clinical settings. There was also a low prevalence of smoking with \< 13% of the overall cohort defined as current smokers. However, the higher prevalence of PAD in prior work has not been explained by higher levels of modifiable atherosclerotic risk factors ([@bb0030], [@bb0110]). In the JHS protocol, only systolic blood pressures at the posterior tibialis were obtained for each leg; two readings were obtained and averaged. If the posterior tibialis could not be located, the dorsalis pedis was used. Two brachial systolic blood pressures were obtained from the right arm only. This protocol is not the protocol recommended by the American Heart Association and not used in most clinical trials for patients with PAD. By missing higher brachial readings from the left arm or at least obtaining readings from both arms as well as the focus on obtaining ankle systolic blood pressure from the posterior tibialis, the prevalence of PAD may have been inaccurate. In work by [@bb0010], use of the lowest ankle pressure resulted in better sensitivity and use of the highest ankle pressure provided the best specificity. This conclusion is based on having calculations from both brachial arteries and both the dorsalis pedis and posterior tibialis. Given the protocol used in the JHS, it is difficult to assess whether PAD was over or underestimated. However, if the diagnosis was underestimated, this could have led to a lower reported prevalence of PAD in the cohort.

To our knowledge, this is the first study to assess the prevalence of LSS variables with PAD among African Americans. One prior study evaluated the prevalence of ideal cardiovascular health metrics, using the LSS variables, in African Americans ([@bb0035]). This work revealed a low prevalence of ideal LSS variables (particularly diet, physical activity, and BMI) within the JHS cohort. Our findings add to this body of work by highlighting the significant association of the frequency of LSS variables with prevalence of PAD among African Americans.

In our bivariate analysis, we also identified that insufficient physical activity was more prevalent among subjects with PAD versus those without. The association of physical inactivity with a prevalence of PAD is not well defined ([@bb0120]). While physical activity, notably walking therapy, is an effective treatment for PAD, less is known about the role of physical activity to reduce the risk for PAD. More work is needed to understand the implications of sufficient levels of physical activity to reduce the risk for PAD and disease progression.

Scoring in the poor category for three or more of the health indicators increased the odds for PAD. Furthermore, this increased risk remained after adjusting for multiple covariates. Modifiable risk factors for PAD are smoking, hypertension, and dyslipidemia ([@bb0060], [@bb0050], [@bb0065]). The presence of multiple risk factors has a synergistic effect on the risk for PAD ([@bb0040], [@bb0090]). Similarly, a poor score for three or more of the health indicators increases the risk for PAD. This finding warrants further study to determine if a cut point of three or more poor health indicators is an indication for diagnostic testing for PAD among African Americans, independent of reported leg symptoms.

A limitation of this study was not including arterial stiffness in our modeling. Arterial stiffness is defined as an ABI \> 1.4 which limits the ability to diagnose PAD based on ABI testing. Persons with an ABI \> 1.4 may have PAD but additional testing is needed to confirm. We evaluated persons with an ABI \> 1.4 but the correlates were quite distinct from what we identified among persons with an ABI \< 0.9.

In conclusion, we present findings on the association of LSS variables with PAD. We add to the body of PAD literature by targeting African Americans who were a part of a prospective, observational, community-based health study cohort in the southeastern United States.
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[^1]: Healthy Diet Score -- scores were calculated based on one point for each of five dietary goals: at least 4.5 cups/day of fruit and vegetables; at least two 3.5-oz servings/week of fish; at least three 1-oz servings/day of fiber rich whole grains; no \> 36 fluid oz/week of sugar-sweetened beverages; \< 1500 mg of sodium each day.

[^2]: Chi-square test unless otherwise specified (Student\'s *t*-test for age as a continuous variable).

[^3]: Fisher exact test.
